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!  Modest US R&D funding supporting 
sFCAL effort as well as ASIC design 
for frontend electronics 

!  JP appointed in Jan. as LAr Phase II 
construction manager 

!  US ATLAS working toward preparing 
DoE and NSF proposals for Phase II 
construction project 
"  Need to define scope, institutional 

responsibilities, cost and manpower, … 
"  Draft WBS, planning etc. being worked 

on 
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US ATLAS Workshop 



ATLAS LAr Phase II Upgrade:       
•  Replace the LAr readout electronics 
•  Modify the forward region, including: 

•  possible new (s)FCAL   (or miniFCAL) 
•  possible new forward precision timing detector 

Figure 1. Schematic drawing of the ATLAS LArg calorimeter system. In the middle the barrel
cryostat hosts two electromagnetic wheels, at each end the end cap cryostats host two concentric
electromagnetic wheels, two hadronic wheels and thee forward calorimeter wheels.

which allow for correction for the upstream material using a layer weighting technique. The
requirement for good particle identification, of electrons versus jets, and photons versus π0, is
achieved through a fine granularity of the detector, especially in the first sampling, allowing a
fine position and angular resolution (50mrad/

√
E).

The potentiality that super-symmetric particles may be produced in LHC collisions invites
for excellent missing energy determination. Therefore the ATLAS LArg calorimeters have an
almost 4π acceptance, and sets the energy resolution criteria for the LArg hadronic and forward
regions to 50 %/

√
E for the pseudo rapidity range |η| < 3 and 100 %/

√
E in the pseudo rapidity

range 3 < |η| < 4.9.
The very fine granularity and longitudinal segmentation of the calorimeter allow through layer

weighting technique, when estimating the energy offline, to correct for the non compensating
nature of the calorimeter. Finally the LHC 40MHz bunch frequency makes pile-up an important
background. To minimize its contribution, and making use of the fast rise time of the ionisation
signal, bipolar shaping is applied in the front end electronics.

3. The Atlas Liquid Argon Calorimeters
Three large aluminum cryostats host the LArg calorimeters as displayed in Figure 1. The
three cryostats are surrounded by a barrel hadronic calorimeter build out of iron absorbers
and scintillating tiles as active material, This calorimeter, TileCal, is described in a separate
contribution at this conference [1]. The design and construction of the barrel and endcap EM
calorimeter is precisely documented in the paper [3], and [4] respectively.

2

LAr	
  Phase	
  II	
  Upgrade	
  Project	
  

4	
  Open	
  Mtg	
  on	
  US	
  ATLAS	
  LAr	
  Phase	
  II	
  Upgrade	
  Planning	
  

• LAr FCAL 

• Readout Electronics 
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Gustaaf'Brooijmans,'LAr,'WBS'1.1 LHC'ATLASGU'BNL'Director’s'Review'for'CDG1,'July'11G12,'2013

DigiKze'at'40'MHz'(no'analog'pipeline)
Possibly'provide'analog'trigger'sums'to'decouple'potenKal'
trigger'upgrade'(+'separate'readout'path)

Move'pipeline'off'detector'→'need'100+'Gbps/board
 Implies'upgrading'backGend'as'well
 “Fallback”'has'digital'pipeline'on'detector,'sKll'need'(simpler)'BE'upgrade

36

LAr	
  Detector	
  Op'ons	
  in	
  LoI	
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•  HEC cold electronics do not need to be replaced, so there is no need to remove the 
large cold cover (means FCAL summing boards not accessible) 

Endcap Cryostat 
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!  ATLAS EM and hadronic calorimeter detectors are 
able to cope with HL-LHC conditions 

!  Only exception is ATLAS FCAL, which uses novel 
(US) design with absorber rods housed in absorber 
lattice, and small LAr gaps (270 – 500 µm) 

!  Beyond design luminosity, enormous rates lead to 
space charge problems (even possibly boiling of LAr), 
as well as voltage drops across HV resistors   
"  Utilizing the same design concept but with thinner 

gaps (down to 100 µm), one could tolerate the HL-
LHC conditions 

"  Using this technique, solutions being investigated 
include: 
o  A new calorimeter (“sFCAL”), or  
o  A “Mini-FCAL”  
      (placed in front of the existing FCAL) 
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!  Recent simulations suggest LAr will not boil (though margin is small) 
"  However, geometry is complicated and difficult to simulate accurately 
"  A mockup has been built, but testing is so far inconclusive 
"  Further	
  LAr	
  sub-­‐cooling	
  by	
  ΔT=	
  -­‐1.6	
  K	
  successfully	
  tested	
  during	
  recent	
  shutdown	
  

(and	
  ΔT=	
  -­‐2	
  K	
  is	
  believed	
  to	
  be	
  possible) 

!  FCAL performance issues have been discussed by large-eta task force (LETF) 
"  Gets tied in with fwd tracking, possible new timing and/or “preshower-type” 

detector in space previously occupied by MBTS, etc. (see later) 
"  Suggestion has also been made to increase readout granularity in case of sFCAL 

(probably only in EM-compartment, sFCAL1) 
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! Decision of final approach still to be made 
"  Originally scheduled for March 2015 

"  Pushed back, with review now scheduled for December 2015       (any later could 
jeopardize readiness of sFCAL for when it is needed for installation) 

"  Continuing to work on multiple fronts, to prepare decision: 

o  Finalize understanding of whether LAr boiling will occur if no change is 
made in the forward region 

o  Explore performance, and associated physics impact, of various scenarios 
(degraded FCAL, sFCAL with low/high granularity, miniFCAL) 

–  VERY limited (physicist) manpower available 

o  Work to solve engineering issues related to realization of miniFCAL concept	
  

! UnUl	
  final	
  decision,	
  need	
  to	
  carry	
  opUons	
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!  To adapt to Phase II TDAQ architecture, need to replace LAr readout 
"  Current readout would continue to limit L1 rate to 100 kHz, and latency to ~ 2.5 µs 

!  Plan	
  to	
  develop	
  new	
  “FEB2”,	
  digiUzing	
  and	
  sending	
  off	
  detector	
  all	
  channels	
  at	
  
40	
  MHz	
  

"  Move	
  pipeline	
  off	
  detector,	
  out	
  of	
  radiaUon	
  environment	
  

"  Have	
  full	
  granularity	
  calo.	
  info	
  available	
  for	
  new	
  L1	
  trigger,	
  so	
  that	
  shower	
  shape	
  
info,	
  etc.	
  can	
  be	
  used	
  to	
  allow	
  EM	
  trigger	
  thresholds	
  to	
  remain	
  low	
  	
  	
  

"  Use	
  Phase	
  I	
  LAr	
  trigger	
  upgrade	
  electronics	
  as	
  part	
  of	
  new	
  L0	
  trigger	
  used	
  to	
  seed	
  
Phase	
  II	
  L1	
  track	
  trigger	
  

!  Will	
  also	
  need	
  new	
  backend	
  electronics	
  to	
  receive	
  and	
  process	
  the	
  FEB2	
  data	
  
(boundaries	
  between	
  LAr	
  and	
  TDAQ	
  become	
  more	
  blurry,	
  certainly	
  for	
  L1)	
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Gustaaf'Brooijmans,'LAr,'WBS'1.1 LHC'ATLASGU'BNL'Director’s'Review'for'CDG1,'July'11G12,'2013

 Complex,'11'ASICs'(→'many'voltages)
 (Analog)'pipeline'→'send'L1'accepts'to'FEB

 Associated'logic
 Single'opKcal'transmiker'for'128'channels
 Single'clock'for'readout,'opKcal'link,'etc.
 US'share'of'construcKon:'59%

35

Gustaaf'Brooijmans,'LAr,'WBS'1.1 LHC'ATLASGU'BNL'Director’s'Review'for'CDG1,'July'11G12,'2013

DigiKze'at'40'MHz'(no'analog'pipeline)
Possibly'provide'analog'trigger'sums'to'decouple'potenKal'
trigger'upgrade'(+'separate'readout'path)

Move'pipeline'off'detector'→'need'100+'Gbps/board
 Implies'upgrading'backGend'as'well
 “Fallback”'has'digital'pipeline'on'detector,'sKll'need'(simpler)'BE'upgrade

36

Current detector readout scheme on the (US-designed) FEB 

Proposed readout upgrade (FEB2) Critical R&D: 
1. Pre-amp + Shaper 
2. ADC (12 to 16 bit) 
3. Optical Link (10 G) 

The front-end: 

15	
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!  Main	
  goal	
  of	
  current	
  R&D	
  is	
  the	
  invesUgaUon	
  of	
  the	
  potenUal	
  of	
  65	
  nm	
  CMOS	
  to	
  meet	
  
the	
  various	
  needs	
  for	
  FEB2	
  ASICs:	
  

"  Preamp/shaper	
  ASIC	
  	
  

o  Prototyped	
  originally	
  in	
  SiGe	
  (UPenn/BNL)	
  

o  New	
  BNL	
  effort	
  on	
  65	
  nm	
  CMOS,	
  with	
  major	
  challenge	
  being	
  16-­‐bit	
  dynamic	
  range	
  

o  By	
  fall,	
  Upenn	
  will	
  shii	
  focus	
  to	
  help	
  with	
  65	
  nm	
  invesUgaUon	
  

"  ADC	
  	
  

o  130	
  nm	
  ADC	
  (pipeline	
  +	
  SAR)	
  developed	
  at	
  Columbia	
  is	
  nearing	
  producUon	
  phase	
  for	
  
use	
  in	
  Phase	
  I,	
  and	
  design	
  effort	
  has	
  turned	
  to	
  65	
  nm	
  for	
  Phase	
  II	
  

o  Formed	
  new	
  collaboraUon	
  with	
  UT	
  Dallas,	
  who	
  is	
  focusing	
  (on	
  all-­‐SAR	
  version)	
  in	
  65	
  nm	
  

"  OpUcal	
  links	
  

o  Need	
  ~100	
  Gpbs	
  of	
  rad-­‐tol	
  opUcal	
  link	
  bandwidth	
  per	
  128-­‐channel	
  FEB2	
  

o  SMU	
  working	
  on	
  serializer/driver	
  for	
  ~	
  10	
  Gbps	
  opUcal	
  link,	
  as	
  well	
  as	
  opUcal	
  
components	
  (as	
  part	
  of	
  VersaUle	
  Link	
  project)	
  

!  In	
  ~1	
  year,	
  should	
  have	
  enough	
  experience	
  (and	
  even	
  first	
  prototypes)	
  to	
  gauge	
  
potenUal	
  to	
  use	
  65	
  nm	
  as	
  a	
  common	
  technology	
  for	
  the	
  various	
  blocks	
  

o  Later	
  step	
  would	
  see	
  whether	
  further	
  ASIC	
  consolidaUon	
  would	
  be	
  possible/desirable	
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!  Readout	
  of	
  FEB2	
  will	
  require	
  new	
  backend	
  electronics	
  

!  Full	
  granularity	
  data	
  will	
  be	
  used	
  for	
  both	
  precision	
  readout	
  (eg.	
  in	
  offline	
  analysis)	
  as	
  
well	
  as	
  for	
  triggering	
  at	
  L1	
  and	
  above	
  

"  Boundaries	
  between	
  LAr	
  and	
  TDAQ	
  subsystems	
  become	
  more	
  blurry	
  

!  A	
  lot	
  to	
  be	
  learned	
  from	
  the	
  Phase	
  I	
  LAr	
  trigger	
  upgrade,	
  where	
  the	
  LDPS	
  will	
  receive	
  
and	
  process	
  data	
  from	
  “super-­‐cells”	
  at	
  40	
  MHz	
  

!  BE	
  construcUon	
  responsibiliUes	
  for	
  Phase	
  II	
  are	
  so	
  far	
  less	
  advanced	
  than	
  for	
  FE	
  
"  Current	
  RODs	
  were	
  built	
  by	
  European	
  collaborators,	
  and	
  	
  considerable	
  interest	
  exists	
  there	
  

for	
  a	
  similar	
  role	
  in	
  Phase	
  II	
  	
  
"  In	
  any	
  case,	
  US	
  groups	
  are	
  playing	
  significant	
  roles	
  in	
  Phase	
  I	
  LDPS,	
  and	
  will	
  bring	
  this	
  

experUse	
  to	
  planning	
  of	
  BE	
  electronics	
  for	
  Phase	
  II	
  



Possible	
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HGTD	
  

!  Scoping	
  Document	
  includes	
  
possible	
  new	
  “4D”	
  detector	
  in	
  
space	
  of	
  current	
  MTBS	
  
"  Δz	
  =	
  60	
  mm	
  detector	
  could	
  

cover	
  η	
  of	
  2.4	
  –	
  4.1	
  (5.0)	
  

!  Aiming	
  for	
  Ume	
  res’n	
  of	
  30-­‐50	
  
ps	
  and	
  spaUal	
  granularity	
  of	
  
1-­‐100	
  mm2	
  

!  Possibly	
  mulUple	
  layers,	
  if	
  also	
  
used	
  as	
  preshower	
  

!  Synergy	
  with	
  possible	
  Si/Cu	
  
miniFCAL	
  (and	
  also	
  CMS)	
  

!  More	
  MC	
  studies	
  needed	
  to	
  
opUmize	
  design	
  and	
  evaluate	
  
ability	
  to	
  use	
  Uming	
  to	
  reject	
  
pileup,	
  select	
  PV,	
  …	
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Timing	
  Detector	
  OrganizaUon	
  

! First	
  mtg	
  was	
  held	
  on	
  July	
  3/2015	
  
htps://indico.cern.ch/event/403701/	
  

! Abe	
  Seiden	
  presented	
  ideas	
  about	
  
using	
  ultra-­‐fast	
  Si	
  detectors	
  

! Known	
  US	
  interests	
  so	
  far	
  include	
  
UCSC,	
  Oregon,	
  BNL	
  

! ATLAS	
  has	
  scheduled	
  ~monthly	
  
mtgs	
  to	
  organize	
  this	
  new	
  effort	
  



US	
  LAr	
  Ins'tu'ons	
  

! sFCAL	
  (or	
  MiniFCAL)	
  
	
  	
  	
  	
  	
  	
  	
  	
   	
  -­‐	
  U	
  Arizona	
  

	
   	
  -­‐	
  Interest	
  from	
  U	
  Iowa	
  

! Frontend	
  Electronics	
  Components	
  
	
  	
  	
  	
  	
  	
  	
  	
   	
  -­‐	
  BNL,	
  Columbia,	
  U	
  Penn,	
  SMU,	
  UT	
  Dallas	
  

	
   	
  -­‐	
  Interest	
  from	
  UT	
  AusUn	
  

! FEB2	
  and	
  Frontend	
  System	
  IntegraUon	
  FEB2	
  	
  	
  	
  	
  	
  	
  
	
   	
  -­‐	
  BNL,	
  Columbia	
  

! Backend	
  Electronics	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  -­‐	
  U	
  Arizona,	
  U	
  Oregon,	
  Stony	
  Brook,	
  BNL	
  

	
   	
  -­‐	
  Interest	
  from	
  MSU	
  

! Timing	
  Detector	
  
	
   	
  -­‐	
  Interest	
  from	
  UCSC,	
  Oregon,	
  BNL	
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Summary	
  (Part	
  I)	
  

!  US	
  ATLAS	
  is	
  playing	
  many	
  criUcal	
  roles	
  in	
  ongoing	
  LAr	
  Phase	
  II	
  planning	
  

!  FCAL	
  upgrade	
  opUon	
  will	
  be	
  finalized	
  around	
  end	
  of	
  2015.	
  US	
  plans	
  to	
  
contribute	
  in	
  either	
  sFCAL	
  or	
  miniFCAL	
  scenarios	
  	
  

!  Readout	
  upgrade	
  concentrates	
  on	
  FEB2	
  and	
  US	
  is	
  leading	
  the	
  efforts.	
  
Current	
  R&D	
  centered	
  on	
  FE	
  components	
  and	
  opUons	
  that	
  will	
  influence	
  
the	
  system	
  integraUon.	
  Decisions	
  in	
  the	
  R&D	
  course	
  will	
  guide	
  the	
  efforts	
  
to	
  construcUon.	
  

!  There	
  is	
  also	
  considerable	
  US	
  interest	
  and	
  experUse	
  in	
  the	
  BE	
  electronics.	
  
Discussions	
  concerning	
  BE	
  responsibiliUes	
  are	
  less	
  advanced	
  so	
  far	
  (and	
  
will	
  involve	
  also	
  TDAQ/LAr	
  boundaries).	
  

!  A	
  new	
  issue	
  is	
  a	
  possible	
  HGTD,	
  in	
  which	
  a	
  few	
  US	
  insUtutes	
  have	
  already	
  
expressed	
  interest.	
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Summary	
  (Part	
  II)	
  

!  To	
  prepare	
  for	
  DoE	
  and	
  NSF	
  construcUon	
  proposals	
  (and	
  corresponding	
  
CD-­‐0	
  and	
  CDR	
  reviews),	
  need	
  to	
  make	
  rapid	
  progress	
  on	
  scope,	
  
insUtuUonal	
  responsibiliUes,	
  costs,	
  manpower,	
  …	
  

!  Any	
  new	
  insUtutes	
  who	
  are	
  interested	
  in	
  parUcipaUng	
  should	
  contact	
  JP	
  as	
  
soon	
  as	
  possible	
  

!  Proposals	
  for	
  technical	
  contribuUons	
  should	
  be	
  accompanied	
  by	
  scienUfic	
  
(ie.	
  physicist)	
  commitments	
  

"  A	
  great	
  way	
  to	
  get	
  started	
  is	
  to	
  join	
  the	
  urgent	
  simulaUon	
  effort	
  that	
  is	
  
required	
  (and	
  VERY	
  under-­‐staffed)	
  to	
  evaluate	
  the	
  physics	
  case	
  for	
  the	
  
upgrade,	
  to	
  opUmize	
  the	
  designs,	
  and	
  to	
  choose	
  among	
  the	
  various	
  
opUons	
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FCAL	
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US ATLAS Workshop 



US	
  LAr	
  Ins'tu'ons	
  

July	
  13,	
  2015	
   Open	
  Mtg	
  on	
  US	
  ATLAS	
  LAr	
  Phase	
  II	
  Upgrade	
  Planning	
   26	
  



FCAL Decision 

July	
  13,	
  2015	
   27	
  Open	
  Mtg	
  on	
  US	
  ATLAS	
  LAr	
  Phase	
  II	
  Upgrade	
  Planning	
  

! Decision of final approach still to be made 
"  Originally scheduled for March 2015, pushed back to at least June 2015, and 

perhaps to end 2015 (any later would jeopardize readiness of sFCAL by Feb. 2023, 
when it is needed for installation assuming current LHC schedule) 
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! Decision of final approach still to be made 
"  Originally scheduled for March 2015, pushed back to at least June 2015, and 

perhaps to end 2015 (any later would jeopardize readiness of sFCAL by Feb. 2023, 
when it is needed for installation assuming current LHC schedule) 



FE	
  System-­‐on-­‐Chip	
  

29	
  

The idea has been around awhile but now it’s a proposal 
FEB2 

1 

10 ADC	
  
+	
  

Gain	
  Sel	
  

Pre-Amp 
Shaper 

Det. data 

To trigger 

Data to BE via fiber 

FE System on Chip (FESOC) 

Cooling	
  

powering	
  
simplified 

Air enough? 

•  FESOC, a one die or two die chip that integrates the three key ASICs. By combining 
the ADC with the serializer (both in 65 nm CMOS), one eliminates the output circuits 
for the ADC hence saves power. 

•  Impact on system integration and in construction: 
o  Simplified FEB2, powering and possibly air (not water) cooling.  
o  Reduce production cost in chip packaging and QA, and in FEB PCB.   
o  The impact on yield may be small as the yield of 65 nm CMOS is expected to be high and 

the cost of die is small. 

Σ 

Interface	
  +	
  
serializer	
  

OTx	
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